that cause seed tuber quality to deteriorate rapidly. Viruses are among the most important endemic tropical pathogens of potato crop when vegetatively propagated, and can be responsible for decreasing yields severely. This is one of the principal causes for the low consumption of potatoes in many developing countries. Fortunately, virus-free TPS can be produced through sexual reproduction, even though the mother plant may be virus-infested. This is one reason for using seed tubers produced from TPS rather than clonal seed tubers for potato propagation in warm climate areas.
Current TPS use
The most commonly employed methods of using TPS are: 1) True seed is sown in favorable and protected environments and the seedlings are then transplanted to the field for producing table potatoes (Malagamba, 1983 (Malagamba, , 1984 . This method is favored by scientists who are involved in evaluating tuber-yield potential among various TPS populations. After 5 years of experience in Asia with TPS technology on farmers ' fields, however, Vander Zaag et al. (1989) concluded that "transplanting is not a feasible practice for table potato production with existing progenies. "
2) Small tubers (2 to 5 cm-seedling tubers) are harvested from TPS seedlings transplanted to the field at high density (Wiersema, 1986) . These tubers are stored and then planted in the subsequent growing season.
3) Smaller seedling tubers ( <3 cm-minitubers) are produced by sowing TPS in specially prepared seed beds under nursery conditions and are protected with screens from virus vectors and other pathogens (Wiersema and Cabello, 1986) . High multiplication rates can be obtained under favorable conditions, with <1 g of TPS sown in a 1-m 2 seed bed, ≈ 10 kg of virus-free minitubers can be produced, enough to plant 100 m 2 of potatoes. The production of minitubers provides National Potato Programs in many developing countries with a viable alternative to the traditional seed tuber systems.
Methods 2 and 3 for using TPS are currently considered to be the most feasible for adoption by farmers in tropical areas. The possibility of producing virus-free seed tubers in virus-laden environments is an important advantage of TPS. In China, ≈ 20,000 ha of potatoes are produced using seedling tubers (Song, 1984) . In Egypt, a large-scale minituber seed production system has been started (R. El-Bedewi, personal communication).
Of the three methods outlined above, however, only TPS seedlings for transplanting can be described as true sexual propagation in the potato. In the other two methods, TPS is used to produce seed tubers for vegetative propagation. Using TPS for directseeding a crop of potatoes in the field has been tried (Ghate et al., 1983) without much success (Phatak et al., 1988) , and is not considered a feasible alternative. Nonetheless, if possible, direct sowing of TPS may be the most reasonable method for propagating the potato sexually. To grow 1 ha of potatoes by this method, <100 g of TPS would be needed. The cost of this seed averages less than U.S.$100, while the price of 2 t of highquality clonal seed tubers in many developing countries can exceed U.S.$1000.
Producing high-quality TPS
Research on TPS technology started at CIP in 1977. The factors known to be involved in the production of high-quality seed in other small-seeded crops (Delouche, 1980) have only recently begun to receive research attention in TPS. Recent field trials at CIP have demonstrated that the contention that TPS cannot be used for producing potatoes directly was premature. In the past, research on TPS technology in farmers' fields was mostly conducted using viable seed, but without any regard to seed dormancy and vigor. Low-quality TPS usually does not germinate uniformly and produces slowgrowing seedlings vulnerable to transplanting shock. Thus, plant maturity is extended and production of large tubers is delayed or small tubers must be harvested due to the usually short growing seasons in tropical areas. When high-quality and nondormant TPS is sown, the seedlings can be uniformly ready for transplanting after only 3 weeks, instead of the 6 weeks that are usually necessary with low-quality or dormant seed. In a field experiment during Summer 1989 in Lima, Peru (unpublished data), seedlings from nondormant seed, unlike those from dormant ones, were shown to be able to better with-stand bare-root transplanting shock and grow vigorously soon after transplanting and to a size similar to those of plants grown from seed tubers.
Among the various techniques found to be effective for producing vigorous or highquality TPS are: 1) Producing TPS in mother plants grown from pathogen-tested seed tubers under favorable long-day, cool, dry environments (Pallais et al., 1984) ; 2) applying more N than needed for tuber production, and applying N continuously during seed development to delay mother-plant senescence and to extend berry maturation periods (Pallais et al., 1987a) ; 3) harvesting the, potato berries at their optimum stage of on-plant seed maturity (Pallais et al., 1989) ; 4) proper seed extraction, surface disinfection, drying, and storing (Pallais et al., 1984; Pallais and Fong, 1989) ; and 5) seed priming instead of the standard gibberellic acid (GA) presowing treatment (Pallais, 1989) .
The need for high-quality (early vigor) seed must be properly understood. The concept of sexual seed quality is not necessarily related to final yields (Barrington, 1971) , as it might be in the case of seed tuber quality. The production of high-quality TPS may require favorable growing conditions, such as long days and cool, dry climates (Delouche, 1980; Pallais et al., 1984 Pallais et al., , 1985b . Nevertheless, sufficient quantities of viable TPS can be produced in the short-day environments of the humid and cooler climates of the highland tropics (Malagamba, 1988) .
Large quantities of open-pollinated (OP) berries may be easily harvested from potato clones growing in farmers' fields in many such regions (Hoang et al., 1988) . Given time, this OP seed will produce high yields of seedling tubers in some genotypes because the conditions during seedling emergence are optimized for this purpose. TPS produced by virus-infected mother plants may eventually germinate and be able to produce high-yielding virus-free seedling tubers. However, a diseased mother plant is not a likely candidate for producing TPS with optimum sowing potential. A small seed must be more than just virus-free for effective production in unfavorable environments. The necessity for high quality in small sexual seeds is specifically related to the conditions during emergence and seedling performance, i.e., the establishment phase of a field stand under unfavorable conditions. Seed of high quality is a requirement during the crucial and most vulnerable first step of plant growth and development for eventual successful crop production. However, high-quality seed may also be important to increase the possibilities for adoption of this new technology. In Vietnam, for, example, only 50% of the farmers who were given OP TPS collected from farmers' fields were successful (Hoang et al., 1988) .
TPS dormancy
One special seed characteristic of sexually propagated crops-seed dormancy-needs to be considered in the use of vigorous TPS.
Increased seed vigor of mature seed produced with high N may be accompanied by greater seed dormancy (Pallais and Fong, 1989; Pallais et al., 1989) . These dormant seeds would need to be stored for long periods before they could be sown effectively. Cool and dry storage conditions lengthen the postharvest storage requirement for decreasing dormancy of TPS (Simmonds, 1968) . However, low seed moisture is needed to preserve seed vigor (Pallais and Fong, 1989) . In the past, TPS dormancy was not considered to be an important problem because gibberellic acid (GA) could be used to promote germination in newly harvested seed (Accatino and Malagamba, 1982; Spicer, 1961) . Studies still are being conducted on better techniques for applying GA to break TPS dormancy (Bamberg and Hanneman, 1984; M. Upadhya, personal communication) . However, dormant TPS that are induced to emerge by GA begin growth as etiolated plants, and produce significantly less dry matter in the foliage during the first 17 days after sowing than do nondormant ( > 6 months of storage) seeds (Pallais, 1989) . In fact, a sufficient period (6 to 12 months) of seed after-ripening in storage is necessary before TPS priming can be effective (Pallais et al., 1990) . More recently, Pallais et al. (1991) found that a crucial step in high-quality TPS production, when intended for sowing under high temperature (> 25 C), is storage of seed dry (5% to 7% moisture) at ≈ 20C for ≈ 18 months before sowing.
Seed. dormancy probably served the survival of potato species by increasing the chances of germination under conditions more favorable to plant growth and development in nature (Taylorson, 1982; Witcombe and Whittington, 1972) . Nevertheless, seed dormancy is a nuisance for crop production and considerably lowers the possibilities of using the true seed for producing potatoes directly (Pallais, 1987) . Before the full potential of TPS for sowing a crop of potatoes can be fairly evaluated, the vegetatively propagated potato must be redomesticated for sexual propagation by sufficiently reducing dormancy in the TPS progeny through breeding and selection. Evidence in some wild species suggests that seed dormancy may be selected out of a population in as few as three generations (Thompson, 1981; Witcombe and Whittington, 1972) . However, tuber dormancy, usually a desirable characteristic in potatoes, has been positively associated with TPS dormancy (Simmonds, 1964) . Therefore, the selection of TPS progenies with little or no seed dormancy and which are capable of producing dormant tubers appears difficult. Nevertheless, the evidence provided by Simmonds (1964) indicates that correlation of tuber and TPS dormancy is not invariably present.
Redomestication of the potato
Domesticating TPS may be thought of as genetic enhancement of seed quality or early sowing characteristics. The recently developed physiological techniques for producing high-quality TPS maybe used to help breeders focus on the genotype, which is really the most important factor in producing more vigorous TPS progenies. The TPS characteristics of slow emergence and low seedling vigor, particularly evident when newly harvested seed is sown, need to be seriously addressed in potato research. The potato is challenging plant scientists to redomesticate this species for sexual propagation. Clearly, the TPS characteristics of emergence and early seedling performance under unfavorable field conditions (e.g., supra-optimal temperature) should be included in the selection process for superior TPS progenies. The first step for undertaking this challenge could be to study the inheritance of TPS dormancy characteristics using those genotypes that have already demonstrated a high yield potential.
Recent evidence has shed some light on the feasibility of the proposed genetic enhancement of the emergence characteristics of TPS. Evaluations of ≈ 800 accessions from the extensive collection of potato germplasm (6550 accessions) available at CIP (Huaman, 1987) have indicated that variability does exist for low seed dormancy and terminability at high temperature (Pallais et al., 1987b) . Also, one of the 10 most promising TPS hybrids selected at CIP, when tested soon after harvest (3 to 6 months), was found to be 2 to 6 times more vigorous during early seedling growth than the others (Pallais et al., 1990) . This less-dormant TPS cross (A1) involves the cultivar Atlantic used as a mother plant and the clone LT-7 as the pollen source. The latter is a clone selected as a TPS "male" parent for its superior adaptation to lowland tropical conditions (International Potato Center, 1988) . The A1 progeny produces stable and acceptable potato yields of dormant tubers that are reasonably uniform and attractive in shape (H. Mendoza, personal communication). A superior genetic potential for emergence at supra-optimal temperature (34C) was also discovered in TPS of A1 stored for > 7 months (Pallais et al., 1991) .
I propose that high-quality seed of cross A1 should become the first control genotype used in the selection process for superior early seedling characteristics in TPS progenies. Indeed, the seedling emergence performance of A1 seed comes close enough to that of sexually propagated tomatoes to permit a purposeful search for crosses that permit early seedling establishment for TPS under field conditions.
The discussion on potato redomestication should profit from the participation of horticultural scientists who are familiar with sexual propagation in problematic smallseeded crops. For this reason, I have chosen HortScience as the forum to express my viewpoint and hope that it will elicit comments or suggestions. Most crop seed physiologists must consider the vigor in domesticated species and strive for agronomically important improvements in seed quality. Much more of this type of work is still required for TPS. However, the case for sexually propagating potatoes allows and requires an important genetic modification of
